Objective To determine whether access to cardiac procedures and drugs contributes to social and ethnic differences in coronary heart disease in a population setting. Design Prospective study with follow up over 15 years. Civil service employment grade was used as a measure of individual socioeconomic position. Need for cardiac care was determined by the presence of angina, myocardial infarction, and coronary risk factors. Setting 20 civil service departments originally located in London. Participants 10 308 civil servants (3414 women; 560 South Asian) aged 35-55 years at baseline in 1985-8. Main outcome measures Use of exercise electrocardiography, coronary angiography, and coronary revascularisation procedures and secondary prevention drugs.
Introduction
Low social position and South Asian ethnicity are both associated with increased risk of dying from coronary heart disease, 1 2 but the impact of differential access to medical care on these inequalities remains uncertain. If access to coronary management matched coronary incidence, then low social position and South Asian ethnicity would be associated with higher rates of use. For social position, most studies, [3] [4] [5] [6] [7] [8] [9] [10] but not all, [11] [12] [13] find the opposite-high social deprivation is associated with lower rates of coronary angiography and revascularisation. Several studies, mainly small and retrospective, report less aggressive treatment of South Asian people with coronary disease compared with white patients. [14] [15] [16] [17] [18] [19] [20] [21] [22] Such potential healthcare disparities have stimulated calls in the United States and United Kingdom for remedial action. 23 24 Three interrelated questions remain unanswered. Firstly, in a general population that exhibits social and ethnic differences in rates of coronary heart disease, do differences exist in access to care? Population studies are lacking; all but a few studies are confined to patients who have sought hospital care for coronary disease and therefore exclude many people with angina in the community. 12 Furthermore, studies have concentrated on invasive procedures, ignoring non-invasive investigation and secondary prevention, which may be particularly relevant in primary care. Secondly, how does the social deprivation of an individual patient, as opposed to an area, influence access to cardiac investigation and treatment? Most previous studies have used neighbourhood measures of social deprivation. [3] [4] [5] [6] [7] [8] [9] [10] [11] One of the few prospective studies reporting individual social class, albeit confined to white men, found no effect on access to coronary angiography but lower revascularisation rates among men from non-manual occupations. 25 Thirdly, among South Asians, is the apparent lower use of cardiac investigation and treatment independent of or explained by their social position? 26 Previous studies have made little attempt to answer this question.
The Whitehall II prospective cohort study of civil servants offers the opportunity to consider each of these questions. Our objective was to determine whether access to cardiac procedures (exercise electrocardiography, coronary angiography, and coronary revascularisation) and secondary prevention drugs contributes to social and ethnic differences in coronary heart disease in a population setting.
Risk factors
At baseline, standardised assessments were made of smoking, blood pressure, total cholesterol, body mass index, self reported diagnosis of diabetes, and family history of onset of coronary heart disease before age 55 years. In addition, the presence of the metabolic syndrome was assessed at phases 3 and 5 on the basis of oral glucose tolerance tests, plasma triglycerides and high density lipoprotein, waist:hip ratio, and systolic blood pressure.
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Outcomes
Exercise electrocardiography, angiography, and revascularisation A total of 7830 participants completed a phase 5 questionnaire (76% response rate from phase 1). Of these, 994 participants reported that they had had an exercise electrocardiogram, 403 reported having a coronary angiogram, and 124 reported having had coronary angioplasty or a coronary artery bypass graft operation (revascularisation procedure).
To investigate the possibility that employment grade or ethnicity may influence the reporting of medical care, we examined hospital discharge data from the NHS-wide clearing service. All 10 308 participants were flagged with their NHS number for coronary angiography (code K634, K635, K636), coronary bypass grafting (K401-89) and angioplasty procedures (K491-501) until the end of 2001. As the results obtained by using discharge data did not differ by grade or ethnicity from those obtained by using self reported data, we combined both sources. The final numbers used in the analysis were 525 angiograms (122 identified from discharge data alone) and 179 revascularisations (55 identified from discharge data alone).
Secondary prevention drugs
At the phase 5 follow up participants reported their use of prescribed drugs over the previous 14 days. We coded all drugs according to the British National Formulary and defined secondary prevention drugs as aspirin, blockers, lipid lowering agents, or angiotensin converting enzyme inhibitors.
Statistical analysis
We based the analyses of use of exercise electrocardiography on those participants who answered the question in the phase 5 questionnaire (n = 7805). We based the analyses of coronary angiography and revascularisation on all 10 308 participants and adjusted all these analyses for data source. We calculated the age adjusted rates of event outcomes and prevalence of having had a procedure (exercise electrocardiography, angiography, or revascularisation) by using direct standardisation. We used Cox's proportional hazards model to calculate adjusted rates and 95% confidence intervals for event outcomes. We used logistic regression to calculate odds ratios of having had a procedure for each employment grade, with high grades as the reference group. We made statistical adjustments for age, evidence of coronary heart disease, diabetes, risk factors at baseline, and ethnicity. We similarly calculated odds ratios of having a procedure by ethnicity, with "white" as the reference group, adjusting in addition for employment grade. For the angiography and revascularisation analyses, we included an indicator of phase 5 attendance in order to minimise the potential bias from loss to follow up. To assess the quality of medical care we calculated the age adjusted prevalence of use of secondary prevention drugs among participants who attended phase 5 and had a history of myocardial infarction or angina. Table 1 shows that incident coronary morbidity and mortality were higher among lower employment grades than among higher grades and higher among South Asians than among white participants. For example, in men, the age adjusted rate ratio for incident angina and myocardial infarction was 1.66 (95% confidence interval 1.32 to 2.10) for low versus high employment grades and 1.95 (1.28 to 2.96) for South Asians compared with white participants. Risk factors tended to be adverse in low employment grades and among South Asians. South Asians were less likely to be in a high employment grade than were white participants.
Results
Social position
Men and women in the low employment grades reported higher use of exercise electrocardiography (age adjusted proportion 17.5% in men and 10.6% in women) than did those in the high employment grades (14.7% in men and 8.6% in women) (table 2). When we adjusted for history of coronary heart disease during follow up and baseline risk factors, we found no evidence of an overall grade gradient in either men or women. Men and women in the low employment grades had the highest use of angiography with adjustment for age alone, but no grade differences existed when we added clinical need and other risk factors to the models. Similarly, participants in the low grades had the highest use of revascularisation when we adjusted for age alone, but among men these differences were removed by further adjustment. Employment grade was not associated with taking secondary prevention drugs among the subgroup of participants with a history of angina or myocardial infarction (table 3) .
Ethnicity
South Asian men and women were more likely to have an exercise electrocardiogram or coronary angiography than white participants, even after adjustment for clinical need and employment grade (table 4). We found less evidence for ethnic differences in revascularisation procedures. Further adjustment for presence of the metabolic syndrome or diabetes or abnormality on resting electrocardiogram did not attenuate any of these effects (data not shown). South Asians also tended to be more likely to take secondary prevention drugs than white participants-for example, among men with a history of angina or myocardial infarction, 34% of South Asians were taking blockers compared with 14% of white men (see table on bmj.com).
Sex
Women were less likely to have coronary investigations and treatments than men within each grade (table 2) and ethnic group. When adjusted for age, coronary heart disease, employment grade, and ethnicity, the odds ratios of women having an exercise electrocardiogram, angiogram, and revascularisation compared with men were 0.51 (95% confidence intervals 0.42 to 0.62), 0.48 (0.38 to 0.62), and 0.25 (0.15 to 0.40).
Discussion
Social position
In this population based cohort, which exhibits the ubiquitous inverse social gradient in coronary morbidity and mortality, we found no evidence of a social gradient in use of cardiac procedures and drugs after adjustment for clinical need. This suggests that use of medical care broadly reflects clinical need and does not explain the well documented social gradient in coronary morbidity and mortality. Differential access to medical care has previously been proposed as an explanation for the relation between social position and health events 31 ; we found no evidence to support this.
Ethnicity
South Asian civil servants, predominantly Indian, had a twofold increased risk of coronary morbidity and mortality compared with white civil servants. Contrary to the hypothesis that South Asians might be disadvantaged in their access to cardiac care, we found some evidence of higher rates of use of procedures in South Asians than in white participants, even after adjustment for coronary morbidity, risk factors, and the metabolic syndrome. This may be interpreted as South Asian patients and their doctors responding to the widely perceived increased risk of heart disease with lower thresholds for action. Indeed, a survey on attitudes to health seeking behaviour found that South Asians were more likely to seek immediate care for (hypothetical) anginal symptoms than white people. 32 In the appropriateness of coronary revascularisation study, South Asians had more consultations with a general practitioner in the year before angiography than did white patients. 22 In socioeconomic terms, the South Asians working in the civil service represent a relatively advantaged and homogeneous group. This offers the opportunity to separate the potential confounding link between social position and ethnicity, 26 thus strengthening our finding that, in this study, ethnic differences in care do not explain ethnic differences in coronary heart disease.
Limitations of the study
Clearly, civil servants do not represent the extremes of social position, nor the diversity of South Asian communities. However, the Whitehall II study shows marked social and ethnic differences in coronary heart disease, similar in magnitude to those reported in many other general population studies, which warrant exploration for the determinants. Although largely based in the southeast of England, by 1995, owing to progressive relocation of civil service departments, 44% of participants lived outside Greater London. Furthermore, many Whitehall participants live in areas that are among the most socially deprived in the country. On the basis of the Townsend deprivation index (based on unemployment, overcrowding, non-car ownership, and non-home ownership) approximately 20% of men and 40% of women participants live in the most deprived fifth of electoral wards in England.
The clinical "careers" of people with angina or myocardial infarction evolve over time, punctuated by changes in morbidity and in healthcare response. The Whitehall II study, in common with other population based studies, is not able to characterise the detailed history of appropriateness of each management step in this career, nor were we able to explore waiting times. CHD=coronary heart disease. Some analyses are based on smaller numbers (owing to missing variables). The social gradient was similar in this restricted group to that in the full cohort. *Smoking, systolic and diastolic blood pressure, total cholesterol, body mass index, diabetes, ethnicity, and family history. †Based on whole cohort and adjusted for baseline risk factors and phase 5 response indicator. ‡High and medium grade combined owing to small numbers. Strengths of the study Civil service employment grade has proved an informative tool with which to investigate the influence of social position on health. Access to use of a car is a measure of social position available in wider settings and also may influence travel to healthcare facilities. We further tested our associations with car access and found higher rates of coronary heart disease and greater use of procedures in those participants without access to a car (data not shown). This mirrors our findings with employment grade. The Whitehall II study offers, as far as we are aware, unique data with which to explore the impact of access to cardiac care. We carried out detailed, repeated assessments of clinical need extending beyond symptoms and resting electrocardiograms to include the metabolic syndrome. The metabolic syndrome is associated with low social position and South Asian ethnicity and may influence decisions about testing and treatment. Furthermore, whereas other studies have examined hospital admissions for revascularisation, the Whitehall II study is alone in reporting the more prevalent, earlier stages of non-invasive and invasive investigation.
Quality of care and secondary prevention
Our demonstration that the quantity of medical care in terms of procedure rates is not lower by social position or South Asian ethnicity does not exclude the possibility that the quality of care differs. 33 34 Procedures might be less appropriate, 35 and the outcomes may be worse, among people of low social position or South Asian ethnicity. One of the few studies to test this hypothesis directly found no evidence that this was the case when examining ethnic differences in revascularisation. 22 In Whitehall II, use of secondary prevention, a direct marker of the quality of care, showed no differences by social position and tended to be higher among South Asians. Since these data were collected, government policy has emphasised the equitable increase in secondary prevention on the basis of disease registers in primary care.
Sex
The findings on social position and ethnicity were consistent in men and women; however, women had substantially lower rates of use of cardiac procedures and secondary prevention than men, consistent with other studies. 36 37 Reasons for this may include less severe disease among women, less willingness to undergo procedures, differences in language used to describe symptoms, 38 or bias by physicians.
Implications for research and policy
If medical care is not important in explaining social and ethnic differences in coronary disease, this strengthens the case for investigating other behavioural, biological, and psychosocial factors. Healthcare systems should monitor social and ethnic differences in treatment rates and prognosis; explaining differences in incidence of disease demands population based cohort studies in which people are recruited regardless of contact with medical care.
Conclusion
In this population based study we found no evidence that low social position or South Asian ethnicity was associated with lower use of cardiological investigation or treatment independent of clinical need. Differences in access to medical care are unlikely to explain the social and ethnic differences in coronary heart disease.
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